A new modified method was applied to the determination of chloride anion in brackish water by using a common copper(II) sulfate solution and a spectrophotometer. The result of the quantitative analysis demonstrated that chloride concentrations were 1.61% w/v and 1.74% w/v at ebb tide and flood tide, respectively, of the Muya River. On the other hand, chloride concentrations were 1.17% w/v at ebb tide and 1.65% w/v at flood tide of the Yoshino River. The new method proved that chloride concentration corresponded well with results from Mohr and conductive methods. Therefore, the newly developed method can be exploited as common means to measure chloride concentration in aqueous solutions. Moreover, it is also valuable for application to other types of environmental samples.
Introduction
We have recently devised a new method for a quantitative determination of halide ions by using CuSO4 solution 1 with sodium halide solutions. Several researchers have reported some analytical methods for determining salinity concentration. Woelk 2 determined the chloride content in water on the basis of the Zincke Koenig reaction modified from the method of Asmus and Kurandt. Bailey 3 reported a method for the determination of chloride by ion-selective electrode. This experiment was based on the response of a disc of a sensing element that is sealed into one end of an epoxy tube. Determination of chloride anion in water samples using capillary electrophoresis method for evaluation of inorganic anion mass concentration is based on the migration and separation of anions in the electric field due to different electrophoretic mobility values. 4 In addition, over a century ago, Mohr has introduced a method of determination of halide contents in a water sample. The Mohr method 5 (also known as the Volhardt method) can be used to determine the chloride and bromide contents. It is a titration method of chloride with silver nitrate. Potassium chromate is used as an indicator for the detection of an excess of silver. Chromate ions combine with the silver to form slightly soluble reddish silver chromate at the end point. The method can be used in the pH range of 7.0 -10.5. Hughes demonstrated determination of sodium chloride in dietary intakes and other samples by using Quantab TM chloride titrators. 6 The digital chloridometer was for designed coulometric titration to determine chloride ion concentrations in clinical and environmental samples. 7 Recently, Sekisui Company of Japan has been marketing a salinity conductive meter as having double functions of a thermometer and a salinity meter. 8 The meter gives only one digit after the decimal point and produces a higher value in the presence of calcium and magnesium ions. Hildrun and Isaksson 9 introduced a method for the determination of sodium chloride content of sausages by near infrared spectroscopy.
In this paper we focus on the determination of chloride ion content in brackish waters of some local rivers. This method is based on the colorimetry of chloride ion at 815 nm by using the hyperchromic effect of copper(II) solutions. However, in this method a precipitate was formed while mixing the solution of CuSO4 and brackish waters. To overcome the problem, we have modified the regular test by adding one drop of 9.7% H2SO4 to the mixed solution. This led us to devise a more effective method for chloride determination. To the best of our knowledge, this is the first report on such a method for determining chloride ion.
Experimental

Reagents and chemicals
Copper sulfate pentahydrate (CuSO4·5H2O), sodium chloride (NaCl), sodium bromide (NaBr), and 97% H2SO4 with JIS special grade were purchased from Wako Pure Chemical Industries. A standard Cu 2+ solution was prepared by dissolving 2.50 g of CuSO4·5H2O in a 250-ml volumetric flask with distilled water. Distilled water was used throughout this work. Solution of 0.64% w/v CuSO4 with about 0.25% w/v [Cu 2+ ] was obtained.
NaCl solution
Sodium chloride solutions at concentrations of 1, 2, 3, 4, and 5% w/v were prepared. 1 More concentrated solutions up to 10, 13.18, and 16.48% w/v were further prepared by dissolving 10.000 g, 13.183 g and 16.479 g of NaCl in different 100-ml flasks with distilled water to make up 100-ml solutions. The NaCl solutions mentioned above can also be described in terms of parts per million (ppm), i.e. 6068, 12136, 18205, 24273, 30342, 60680, 80000, and 100000 ppm of [Cl -] content, respectively. Concentrated 97% v/v H2SO4 was diluted to 9.7% H2SO4 by dissolving 5 ml of 97% H2SO4 in a 50-ml volumetric flask.
Apparatus
Absorption spectra of samples were recorded on a U-3410-Type spectrophotometer (Hitachi) with 1-cm quartz cuvettes. The quartz cuvettes were used throughout the study. A thermostat (Thermal Robo TR-2, Iuchi, Co.) was used to maintain a constant temperature. Titration was performed using brown 50-ml glass burettes. A digital salinity meter ss-31A (Sekisui Chemical Co.) was used to measure the percentage of salinity in water samples for the comparisons.
Procedure
A volumetric pipette was used to transfer 2 ml of 0.64% w/v CuSO4 solution from stock solution to 10-ml vials; then 1 drop (29 µl) of 9.7% H2SO4 solution was added into each vial. Then, 1 ml of each percentage of NaCl solution was added to each vial. Finally, another 1 ml of distilled water was also added into the vials to give 4 ml of solution in each vial, the solutions contained 0. ]. Each solution was thoroughly shaken to obtain uniformity before measurement. The absorbance of the solution was measured against its reagent blank at 299.9 nm and 815.1 nm (Fig. 1-1 ) for obtaining a standard calibration curve as shown in Fig. 1-2 .
A similar procedure was applied to the collected samples. Firstly, 2 ml of 0.64% CuSO4 solution were transferred into 10-ml vials, 29 µl of 9.7% H2SO4 was added to each vial which was then thoroughly shaken. Secondly, 2 ml of water samples from each station above were added to those vials; the wellshaken vial contents were measured with the same spectrophotometer. The value of pH of each mixed solution was about 2 throughout the study. A 230-mm Pasteur pipette has been used to add one drop of 9.7% H2SO4 to 10-ml vials with 2 ml copper sulfate solution before shaking. The graph of calibration curve is linear with increasing tendency of the absorbance against the concentration of chloride ion.
The equation of the graph is Y = 4.368 × 10 -6 X + 0.250 (r = 0.998 at 815.1 nm) as shown in Fig. 1-2 . Brackish water samples were collected from the Yoshino River and the Muya River by adjusting to the tidal phenomena of the sea.
The Yoshino River, located mainly in Tokushima prefecture, is the third longest river in Japan (it is also known as Shikokusaburo). The distances of the sampling sites from the mouth of the river are 3, 8, 13.7, and 16 km named respectively Yoshino-ohashi, Shikokusaburo, Tenth dam and Rokujo stations; the names of their bridges are indicated in Fig. 2-1 . There were two sampling days at the Yoshino River; 20 March and 17 June, 2004. On one hand, the Muya River is a river located in Naruto city near the city hall. It extends from northern to southern areas. Both ends of the river join the sea, the middle of the river is connected to Shin-ike River at around station M-4. The distances from the northern mouth to each station along the river are 0.2, 1.3, 1.6, 2.1, 2.8, 3.8, and 4.3 km; these are marked M-1, M-2, M-3, M-4, M-5, M-6 and M-7, respectively. These sites are shown in Fig. 2-2 . So it is difficult to express the upstream or downstream of the river. There were two sampling days also at Muya River: April, 5th and 6th, 2004.
The water samples were treated using three different methods, including Mohr method and conductive method.
The conductive meter was calibrated with 0.9% standard salinity solution and the sensor part was cleaned and vertically dipped in the brackish water sample about 3-cm deep for measurement. The procedures were repeated several times to confirm the concentration of chloride in the samples. concentration of [Cl - ] is approximately 300 times higher than that of [Br -]. Due to its extremely low concentration compared to that of chloride, [Br -] was negligibly small in this study. The absorption spectra of the finally mixed water samples were recorded with a U-3410 spectrophotometer at 299.9 and 815.1 nm.
However, a pale blue precipitate was gradually formed while mixing 2 ml of CuSO4 with 2 ml of seawater or brackish water samples. The mixture solution above with pale blue precipitate can not be filtrated by even glass fiber filters 25-mm diameter (Whatman, Whatman International Ltd., England) because precipitates continued to form even after filtration. It is worth mentioning that it would take long time to attain the final precipitation and the data showed an unstable baseline when measuring with the U-3410 spectrophotometer. Moreover, the result of the measurement provided a lower value than the results of other methods. This can be explained if one considers that one part of Cu 2+ content formed a precipitate with other anions in mixed water samples and in the solution containing lower concentration of copper(II). Adding 29 µl of 9.7% v/v H2SO4 in the mixed solution prepared can solve this problem. The mixed solution with pH less than 3.5 can be prevented from precipitation.
The same procedure was applied to each brackish water sample as mixed solution for standard calibration curve. All the data of the absorbance recorded by spectrophotometric analysis were calculated using the following equation (that originates from Fig. 1-2) . The concentration value obtained from the equation above suggested good results because they fitted well with concentration values calculated by Mohr and conductive methods as given in Figs. 2-3 , 2-4, and 2-5. The mechanism of the newly devised CuSO4 method that enabled us to put it into practice can be rationalized as follows: the Cl -ions of brackish water come to replace the water molecules; each ion bonds with Cu 2+ ion to form a coordination compound in aqueous solution. Furthered detailed reaction mechanisms and equations are described elsewhere. 1 Dependent on the chloride ion that attacked Cu(II) with restricted position of replacement, the hyperchromic effect of copper(II) ion with chloride ion appeared as chloride ions became more concentrated.
Results and Discussion
A comparison of the newly devised CuSO4 method described herein with the two commonly used Mohr and conductive methods, as shown in Figs. 2-5a, 2-5b, revealed that the CuSO4 method had very similar chloride calibration curves to the two mentioned methods, although the concentration of chloride ion was lower at some stations compared to the value obtained by conductive method.
The chloride ion content of the Muya River generally varied from 0.99% to 1.74% (5, April) and 1.03% to 1.73% (6, April) at respective M-6 to M-1 stations (Fig. 2-5 ). If we consider station M-4 as a main point, we found that stations M-3, M-5, M-2, and M-6 were similar in salinity concentration, although the values from stations M-1 and M-7 were generally higher. This reason can be described by noting that stations M-1 and M-7 are the stations around the mouth of the river; M-1 and M-7 stations are successive 182 m and 28 m from the different mouths. At such stations, due to the effect of sea tidal level, seawater and river water can be mixed more easily compared to the other stations by vertical mixing and the buoyancy phenomena of river water because river water is lighter and tends to go up while seawater tends to go down. The results clearly indicated that the chloride concentration at station M-1 was higher (about 1.74%, 1.73%) at flood tide but only 1.61, 1.65% or so at ebb tide on successive dates April 5th and 6th. The flood tide data demonstrated more chloride than did the ebb tide data. This reason can be explained by tidal phenomena; i.e. at ebb tide phenomenon water flows from estuary to the sea, which leads to a low chloride concentration at station M-1. This is because brackish water flowed out of the river mouth and the water content was filled by more fresh water from the river upstream. Thus, the mixed water in the estuary became more dilute. Oppositely, at flood tide, seawater flowed into the river mouth and reached some stations such as station M-1 that is the nearest to the sea and to where seawater can reach immediately. For this reason, the water sample showed a higher chloride concentration that was close to the salinity of the seawater. Whereas, the other end of this river can be considered as another mouth of this river, which join the basin of the converging area of Old Yoshino River and sea inlet. Therefore, the water of this basin can be considered as brackish water. Based on this fact, the M-7 showed higher salinity concentration than the values of M-5 and M-6. This is because the water at M-7 received a stronger effect of brackish water from the basin than from the river itself. In general, the chloride concentration at M-7 is less concentrated than at M-1, because the seawater at M-7 is somehow diluted by Old Yoshino River water as seen in Fig. 2-2 .
The chloride content investigation of an estuary of the Yoshino River has been conducted by the newly established CuSO4 method along with Mohr and conductive methods. The salinity concentration in the Yoshino River decreased from Yoshino-ohashi station to Rokujo station, the salinity of the estuary is likely to decrease as one follows the river upstream, i.e. chloride concentration at flood tide (17, June) of the river was 1.65, 0.55, 0.00, and 0.00% at Yoshino-ohashi, Shikokusaburo, Tenth dam, and Rokujo stations, respectively. The chloride content of Yoshino-ohashi station is about 1.79% higher compared to that of Shikokusaburo station (20, March) and 1.65% (17, June) at flood tide. The gap between flood tide and ebb tide of 17th June sampling was 0.48%. Different results were obtained even at the same station as indicated in Fig. 2-6 . Otherwise, the gap of the 20th March sampling was about 0.18% data of chloride concentration. The flood tide data showed more concentrated chloride ion in brackish water than did the ebb tide data. Moreover, Shikokusaburo station also followed the same trend, based in particular on the result of the 17th June sampling. Tenth dam station is a dam site that creates a block to stop seawater from interfering with river water upstream and its chloride concentration is just a bit higher than that of Rokujo station and much lower than that of Tenth dam station (17, June) because during ebb tide the water quantity was greatly decreased. The water sample was collected from the river bed and most of water volume was from the river upstream, but while flood tide water level reached about 1.5 m high at the same point station and the river flow became stronger that at ebb tide as water flowed over the dam wall from an observable surface area. Even at flood tide, the water sample at this station was still very diluted. This station received less effect from the tidal sea in June (typically rainy season) because there was a lot of rainfall leading to the quantity of fresh water expanding in the river. Nevertheless, if we look at the conductive method results in Fig. 2-5 , we find that the water samples of the Muya River indicated slightly higher chloride concentration than the values obtained from Mohr and CuSO4 methods. However, it did not demonstrate the same tendency of values of chloride concentration of the water samples from the Yoshino River as are plotted in Figs. 2-3 and 2-4. In short, the chloride concentration of brackish water from the Yoshino River obtained by the three different methods had very similar values and there was no remarkable tendency, as mentioned above. Hence, brackish water samples of the Muya River suggested that there were higher concentrations of Ca 2+ and Mg 2+ . 8 Thus, the water of the Muya River is also containing higher Ca 2+ empirically reliable results because all the studies on brackish water samples provided similar values and parallel charts. The tidal time of the sea has shown that concentration of the salinity is high at flood tide for the Muya River as described above. Especially, at the mouth of the estuary i.e. at flood tide, Yoshino-ohashi station of the Yoshino River indicated an approximately 1.7% higher concentration of the chloride ion and, at ebb tide, it showed about 1.2% lower concentration of the chloride ion from the 17th June sampling. Furthermore, the concentration of chloride is variable at the same station as shown in Figs. 2-3 and 2-6. Based on these experimental results, the concentration of brackish water at the same stations varied depending upon the time and the tidal size of the sea and upon the amount of water flowing from the river upstream.
Conclusion
The study clearly proved that 29 µl of 9.7% H2SO4 can really overcome the precipitation, which interfered with absorbance at 815 nm and 300 nm. Therefore, it was a precious little drop of 9.7% v/v H2SO4 that not only prevented the mixed solution from forming a precipitate but also led to accurate results of the study. Moreover, the data obtained in this study revealed that the results obtained from the newly devised CuSO4 method were very similar with those of the two known Mohr and conductive methods. Thus, it is valuable for use in general investigation of the environmental water samples by virtue of its simple and convenient treatment. The result of the study also demonstrated that the flood tide contained more concentration of chloride than the ebb tide did. This was obviously demonstrated at the downstream near the mouths of the rivers. The concentration of chloride ion in brackish water increased from upstream to downstream.
We strongly believe that the newly developed CuSO4 method with 29 µl of 9.7% H2SO4 will enable us to effectively analyze chloride content in brackish water samples as well as in the other environmental samples.
